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INTRODUCTION 

Numerous  publications  have  dealt  with  the  class  of  materials  obtained 
from  block  copolymerization  of  styrene  and  butad iene . (1)  Of  these,  the 
majority  have  been  concerned  with  polybutadiene  microstructures  which  con¬ 
tain  predominantly  l.A  adduct  (e.g.  A5%  cis  1,A;  trans  1,4;  105^  1,2) 
which  is  obtained  from  butyllithium  initiated  anionic  polymerization  in  a 
non-polar  hydrocarbon  solvent.  A  few  papers  have  discussed  block  copolymers 
and  homopolymers  containing  "high  vinyl”  polybutadiene  (ca.  65%  1,2)  ob¬ 
tained  when  a  polar  solvent  such  as  THF  is  employed  in  the  type  of  polymeri¬ 
zation  described  above.  In  a  few  cases  the  hydrogenated  products  of  these 
polystryrene/polybutadiene  (SB  or  SBS)  block  copolymers  have  been  examined. 

The  hydrogenation  step  leaves  the  polystyrene  moiety  unchanged  but  trans¬ 
forms  the  polybutadiene  block  into  a  saturated  hydrocarbon  polymer  which  may 
be  a  semicrystalline  thermoplastic  or  an  amorphous  rubber  depending  on  the 
original  polydiene  microstructure. 

Of  particular  interest  in  regard  to  the  copolymers  examined  here  is  the 
atactic  1,2  microstructure  of  the  polybutadiene  moieties,  which  upon  hydro¬ 
genation  leads  to  an  amorphous  rubbery  polybutene-1  material.  This  novel 
set  of  materials  has  enabled  us  to  examine  the  Influence  of  hydrogenation  on 
morphology  and  properties  while  keeping  all  other  essential  features  of  the 
composite  block  copolymer  materials  unchanged.  Specifically,  by  investigating 
the  morphological  and  mechanical  features  of  certain  "parent-child"  pairs 
(prior  to  and  following  hydrogenation)  we  have  the  possibility  of  documenting 
the  role  of  a  very  small  molecular-level  perturbation  on  these  macroscopic 


properties. 
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EXPERIMENTAL  MATERIALS 

Two  diblock  copolymers  of  polystyrene  and  1,2  polybutadiene  (PS/1, 2B) 
were  prepared  for  our  use  by  A.  Halasa  according  to  previously  reported 
anionic  polymerization  methods  using  the  polar  modifier  dipiperidene  ethane 
(2,3).  Characterization  of  the  diene  microstructure  by  infrared  and  NMR 
methods  indicated  that  essentially  pure  (99%)  1,2  polybutadiene  polymers 
were  obtained  as  expected  (4,5),  and  this  is  borne  out  in  the  data  presented 
below. 

Hydrogenation  of  the  PS/1, 2B  copolymers  to  yield  polystyrene/poly¬ 
butene-1  materials  (PS/PB-1)  was  carried  out  by  Halasa  using  the  following 
procedures  which  are  described  in  greater  detail  elsewhere  (5,6).  Soluble 
nickle  octanoate  reduced  with  tri-isobutyl  aluminum  was  used  as  a  hydro¬ 
genation  catalyst.  The  catalyst  concentration  was  around  1  mg  per  hundred 
grams  of  polymer.  Hydrogenations  were  carried  out  at  48® C  in  toluene.  Infra¬ 
red  and  proton  NMR  experiments  Indicated  that  about  95%  of  the  pendant  vinyl 
groups  were  saturated  by  these  means  (5) .  Osmometry  and  size  exclusion  chro¬ 
matography  revealed  that  essentially  no  change  in  degree  of  polymerization 
resulted  from  the  hydrogenation  procedure. 

Two  homopolymers  of  1,2B  were  also  prepared  and  hydrogenated  by  the 
same  procedures.  The  PB-1  homopolymers,  and  the  PB-1  blocks  of  the  hydro¬ 
genated  copolymers,  are  also  atactic  amorphous  materials  as  revealed  by 
thermal  analyses  reported  earlier  (5)  and  in  the  data  presented  here.  Table 
1  summarizes  the  molecular  characterization  data  for  all  of  the  polymers  and 
copolymers. 

SAMPLE  PREPARATION 

The  as-received  polymers  were  dissolved  in  benzene  or  toluene  without 


stirring,  and  then  reprecipitated  with  methanol.  An  anti-oxidant  (Anti- 


Table  1  -  Polymer  Characterization 

Molecular  Weight (kg/mol)  of: 


Sample 

Code 

Polystyrene 

1,2  Polybutadiene 

Polybutene-1 

M  />: 
w  ; 

PS/1, 2B 

1 

lA 

85 

■'..09 

PS/1, 2B 

11 

12 

109 

— 

1.11 

PS/PB-1 

r 

14 

— 

88 

— 

PS/PB-1 

II' 

12 

— 

113 

— 

1,2B 

III 

— 

29 

— 

1.06 

1,2B 

IV 

— 

85 

— 

1.08 

PB-1 

III' 

— 

— 

31 

1.06 

PB-1 

IV 

— 

— 

88 

1,08 

i 

I 


Polymer 

polystyrene 

1,2  polybutadiene  (1 

polybutene-1  (PB-1) 


(a)  Calculated  using 
Reference  (8). 


Table  2  -  Solubility 

Parameters 

(*  (cal/cm^)^^^ 

Solycnt 

f 

9.05 

n-heptane 

7.4 

2B)  8.25 

cyclohexane 

8.2 

8.05 

toluene 

8.9 

tetra hydrofur an 

9.1 

benzene 

9.1 

chloroform 

9.3 

methyl  ethyl  ketone 

9.3 

Hoy's  group  contribution  method  (7)  as  described  in 


(b)  Taken  from  table  in  Reference  (3) 
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Ox  330,  Ethyl  Corporation,  Baton  Rouge,  LA)  was  added  to  each  solution  in  the 
amount  of  0.5  wt .  %  of  unsaturated  rubber.  The  precipitated  polymers  were 
finally  dried  in  a  vacuum  oven  at  50°C  for  2  days  and  kept  in  a  freezer  until 
further  use. 

Films  of  the  different  pol\Tners  (0.3-0. 5  mm  thickness)  were  cast  from 
various  solvents  (Table  2)  for  use  in  all  the  experiments  reported  here. 
Starting  solutions  were  prepared  at  5  weight  %.  Stirring  was  kept  to  a 
minimum.  A  spin  casting  technique  (9)  was  used  to  carry  out  the  solvent  eva¬ 
poration  at  various  temperatures.  In  this  method,  the  5%  pol>-mer  solution 
(50-200  ml)  is  poured  into  a  temperature  controlled,  nitrogen-blanketed 
casting  cup  which  rotates  at  3450rpm.  Periods  of  up  to  48  hours  were  used  for 
the  production  of  the  films  made  by  this  technique. 

MECHA.NICAL  TESTING  METHODS 

Stress-strain  measurements  were  carried  out  on  an  Instron  Model  1122 
Tensile  Tester  at  298K  and  at  273K.  Crosshead  speeds  varied  from  10  to 
1000  mm/min.  Test  specimens  of  dimensions  about  50  mm  length  and  5  mm 
width  were  cut  from  the  cast  sheets  using  a  steel  microtome  knife  mounted  in 
the  chuck  of  a  drill  press.  All  curves  shown  are  averaged  over  at  least 
three  runs;  repeatability  was  excellent  except  for  the  failure  points 
which  reflect  the  presence  of  surface  flaws.  No  attempt  was  made  to  obtain 
statistically  valid  failure  data.  Cyclic  experiments  designed  to  examine 


A 


hysteresis  were  carred  out  by  allowing  the  sample  to  rest  for  15  minutes 
at  zero  load  before  initiating  the  second  cycle. 

Dynamic  mechanical  measurements  were  performed  at  3.5Hz  on  a  Rheo- 
vibron  DDV-Il-C  Viscoelastometer .  Temperatures  from  230K  to  393K  were 
covered  in  these  experiments.  Considerations  of  the  required  changes  in 
specimen  geometry,  and  the  correction  factors  required  to  obtain  valid 
measurements  on  these  rubbery  polymers,  are  presented  in  great  derail  else¬ 
where  (5,10). 

MORPHOLOGY  EXA.MINATIOK 

Because  of  the  saturated  nature  of  the  polybutene-1  moieties,  it 
was  not  possible  to  use  conventional  osmium  tetroxide  staining  for  trans¬ 
mission  electron  microscopic  examination  of  the  bulk  morphology  of  our  samples. 
Instead  a  series  of  small-angle  X-ray  scattering  (SAXS)  experiments  were 
carried  out  on  selected  samples.  Ni-filtered  CuK^radiation  from  a  rotating 
X-ray  generator  was  the  X-ray  source.  The  intensity  was  measured  with  a  linear 
position  sensitive  detector  collected  in  a  multi-channel  analyzer  and  trans¬ 
ferred  to  a  computer  where  various  corrections  and  data  reduction  schemes  were 
applied.  Details  can  be  found  elsewhere  (5). 

THER.MAL  ANALYSIS 

Differential  scanning  calorimetry  experiments  were  performed  on  a  Perkin 
Elmer  DSC-II  instrument.  Specimens  were  cooled  to  the  starting  temperature 
at  a  rate  of  about  320*C/min  and  then  heated  to  the  maximum  temperature  of 
the  experiment  using  a  rate  of  10"c/min.  Glass  transition  temperatures  quoted 
in  the  text  were  taken  as  the  midpoint  of  the  temperature  range  required  to 
complete  the  baseline  shift. 


As  mentioned  above,  the  'parent-child'  copol^-mer  pairs  I,l'  and  II, II' 
indicated  in  Table  1  represent  an  unusual  opportunity  to  examine  the  in¬ 
fluence  of  a  small  perturbation  in  molecular  structure  in  various  larger  scale 
phenomena,  e.g.  bulk  morphology,  thermal  transitions,  or  mechanical  behavior. 

We  begin  with  considerations  of  the  bulk  morphology. 

Based  on  Helfatid's  theory  of  microphase  separation  in  block  copol>Tr.ers , 
it  should  be  possible  to  anticipate  the  effect  of  the  hydrogenation  step  on 
the  morphologies  of  these  block  copolymers  mainly  through  the  polymer-polymer 
interaction  parameter,  a.  Degree  of  polymerization  does  not  change  as  a  result 
of  hydrogenation,  and  estimates  of  the  other  relevant  parameter,  the  Kuhn 
structural  length  (11), show  little  effect  of  the  hydrogenation  of  1,2B  to  PB-1 . 
To  the  extent  that  a  can  be  estimated  (5)  adequately  from  solubility  parameters, 
6  ,  the  problem  reduces  to  establishing  the  influence  of  hydrogenation  on  f  . 
Table  2  lists  estimates  of  solubility  parameters  for  the  polymers  of  interest 
here  along  with  those  of  the  various  solvents  employed  in  the  sample  prepara¬ 
tion.  Values  of  5  for  the  polymers,  calculated  using  group  contribution (7 ,8) 
methods,  are  sensitive  to  the  value  of  density  used.  Densities  of  1.05, 

3 

0.96  and  0.89  g/cm  for  PS,  1,2B  and  PB-1  respectively  were  used  (5)  to  obtain 
the  values  of  6  shown  in  the  table,  which  rank  in  a  meaningful  way  in  terms  of 
repeat  unit  chemical  structure. 

Using  these  solubility  parameters  to  estimate  a  values  it  was  then 
straightforward  to  use  the  Helfand  theory  to:  (i)  determine  the  expected 
phase  form  of  the  equilibrium  morphology  for  each  copolymer  and  (ii)  to  cal¬ 
culate  the  characteristic  dimensions  of  this  morphology.  The  results  of  these 
calculations  (5)  are  summarized  in  Table  3.  Several  things  emerge  from  these 
results.  First,  the  driving  force  for  phase  separation  increases  following 


Table  3  Morpbelocv  Calculation?  for  T=345K 


Sample  Code 
1 

I’ 

II 

II’ 


F/Nt^T  (11)  for 
Polvstvrene  Domain 


-15.93 

-30.69 

-13.59 

-26.77 


Radius  A  of 
Polvstvrene  Domain 


Interdoma^n 
Distance  A 


Cylinders 

Spheres 

Cvlinders 

Spheres 

Cvl inders 

-16.05 

150 

108 

474 

584 

-30.70 

1A9 

100 

552 

562 

-13.63 

136 

93 

553 

597 

-26.69 

134 

S9 

562 

592 

6 


hydrogenation.  Second,  these  samples  lie  very  near  the  polystvrene  compo¬ 
sition  which  dictates  the  line  of  demarkation  between  spherical  PS  domains  and 
cylindrical  PS  domains,  i.e.  F/NkT  values  are  very  similar  in  columns  2  and 
3  of  Table  3.  However,  hydrogenation  of  the  continuous  rubbery  phase  has, 
according  to  the  theory,  the  tendency  to  push  the  morphology  toward  spheres 
of  PS  in  the  rubbery  continuum.  This  is  particularly  true  for  the  higher 
molecular  weight  pair  II  -  II'.  Third,  hydrogenation  of  the  rubbery  phase 
has  essentially  no  influence  on  the  expected  polystyrene  domain  dimensions  and 
plays  only  a  small  role  in  the  interdoroain  distance. 

In  an  attempt  to  check  the  trends  suggested  by  the  above-mentioned 
calculations,  morphologies  of  selected  samples  were  examined  via  SAXS  experi¬ 
ments.  Five  samples,  listed  in  Table  4,  were  subjected  to  SAXS  analysis  and 
although  a  limited  amount  of  quantitative  information  could  be  obtained  from 
the  spectra,  certain  qualitative  information  was  obtained.  First,  by  as¬ 
suming  a  spherical  morphology  and  a  cubic  lattice,  observed  domain  dimensions 
were  in  reasonable  agreement  with  theory  for  the  cyclohexane-cast  samples. 

The  spectra  for  the  two  toluene-cast  samples  could  only  be  rationalized 
meaningfully  by  assuming  a  hexagonally  packed  cylindrical  morphology  (5) . 

Smaller -than-expected  spherical  domain  sizes  have  been  obtained  in  previous 
investigations  on  block  copolymers  (12,13);  transformation  from  the  spherical 
to  cylindrical  morphology  when  a  less  selective  solvent  is  employed  is  another 
result  which  has  been  observed  in  previous  studies  (lA) .  Thus  the  overall 
assignments  of  morphology  from  Interpreting  SAXS  data  are  consistent  with 
expectations  from  theory  and  with  the  known  role  of  the  solvent  used  in  the 
sample  preparation  step.  These  assignments  of  morphology  will  be  useful  later 
particularly  for  assistance  in  interpreting  results  of  large  deformation  experiments. 


Tab le  4  Results  of  SAXS  Experiments  on  Selected  Samples 


Casting  Conditions  Pclystyrcne  Dorriain  Interdociain 
Sar.plc  Code  Solvent  Temperature  1  vpe^^  Radius^^^  Spacing 


I 

cyclohexane 

298K 

(a) 

spiieres 

IlOA 

403A 

I' 

cyclohexane 

298K 

(a) 

spneres 

130A 

470A 

1’ 

cyclohexane 

3i.5K 

K  (a) 

spheres 

114^ 

410A 

(a)  Assumed  on  the  basis  of  the  results  of  Table  3  and  the  selectivity 

of  cvclohexane  for  the  continuous  rubbery  phase  of  these  materials. 

(b)  Obtained  from  the  fits  of  the  appropriate  single  particle  form,  factor 
to  the  data' 

(c)  Calculated  using  domain  radii  and  sample  composition  assuming  a  simple 
cubic  lattice  for  the  spheres 


1 

! 

1 


f 


Turning  to  the  influence  of  hydrogenation  on  properties,  it  is  readily 
seen  in  the  results  of  DSC  experiinents  (Figure  1)  and  dynamic  mechanical  tests 
(Figure  2)  that  the  principal  chaise  is  a  significant  lowering  of  the  Tg  of  the 
rubbery  phase  following  h^’drogenation.  There  are,  however,  certain  other 
subtleties  in  these  results  which  warrant  attention. 

In  the  DSC  experiments  (Figure  1)  it  is  apparent  that  the  lower  tempera¬ 
ture  glass  transition  characteristic  of  the  rubbery  phases  of  the  various  block 
copol\Tiiers  is  essentially  identical  in  shape  and  location  to  the  transition  of 
the  corresponding  rubbery  homopolymer  or  of  the  rubbery  phase  of  a  corres¬ 
ponding  (PS/rubber)  homopol\-mer  blend.  The  polystyrene  transitions  of  the 
block  copolymers  are  shifted  to  significantly  lower  tem.peratures  compared  to 
the  PS  homopolymer  or  the  PS  phase  of  a  blend.  Several  other  groups  (14-17) 
have  noted  this  same  phenomenon,  with  significant  segmental  mixing  at  and  near 
the  PS  domain  interface  being  the  the  common  explanation  for  the  Tg  depression. 

This  is  a  plausible  explanation  for  the  observations  seen  here.  This 
Tg  depression  of  the  polystyrene  domains  does  have  considerable  significance 
since  it  is  around  this  range  of  temperature  that  the  useful  elastomeric 
properties  of  the  diblocks  are  lost. 

This  latter  point  is  seen  most  clearly  in  the  results  of  dynamic  mechani¬ 
cal  tests.  In  Figure  2  it  is  clear  that  broad  rubbery  plateaus  are  seen  for 
all  of  the  diblocks  —  behavior  which  is  much  more  characteristic  of  triblock 
copolymers.  In  fact,  sample  1'  (PS/PB-l;14/88)  cast  from  toluene  exhibits  a 
rubbery  plateau  which  extends  more  than  75  beyond  the  Tg  of  the  rubbery 
phase.  This  tendency  of  a  PS/PB-1  diblock  copolymer  to  level  out  into  an  ex- 
tendedrubbery  plateau  is  enhanced  somewhat  when  the  molecular  weight  of  the 
PB-1  phase  is  increased  (Figure  3).  The  PS/1, 2B  diblocks  also  show  the 
rubbery  plateau  in  Figure  2  and,  significantly,  lose  this  rubbery  behavior  at 
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about  the  same  temperature  as  the  hydrogenated  diblocks  even  though  there  is 


about  a  25  C  difference  in  the  rubbery  phase  Tg's.  Thus,  softening  of  the 
polystyrene  domains  is  apparently  necessary  for  these  diblocks  to  lose  their 
energy-storage  capabilities.  For  cor  orison,  we  note  that  earlier  work  (18) 
on  block  copolymers  of  polystyrene  and  1,4  polybutadiene  revealed  that  PS/1, 4B 
diblocks  exhibited  flow  behavior  at  temperatures  very  far  below  the  onset  of  softening 
of  the  PS  domains,  whereas  the  PS/1, 4B/PS  triblocks  showed  rubbery  plateaus 
similar  to  the  present  set  of  diblocks. 

There  are  several  possible  explanctions  for  the  unusual  dynamic  mechani¬ 
cal  behavior  of  the  PS/1, 2B  and  PS/F3-1  diblocks.  At  the  molecular  level, 
the  two-carbon  side  groups  could  be  enhancing  inter-chain  interactions  in 
the  rubbery  phases  of  these  materials.  However,  this  same  effect  should  lead 
to  rubbery  plateau  behavior  in  the  rubbery  homopoljTners  and  in  rubbery- 
continuous  homopolymer  blends  with  PS.  Kone  of  these  materials  exhibited 
the  extended  rubbery  behavior  seen  in  the  diblock  and  in  fact  were  fluid- 
like,  sticky  and  impossible  to  handle  without  making  crosslinked  samples. 

An  alternative  explanation  for  the  observed  results  might  lie  in  the  possibi¬ 
lity  that  some  of  the  rubbery  chains  are  finding  their  way  back  into  the  PS 
domain  from  which  they  emanate  or  into  neighboring  domains,  thereby  forming 
permanent  loops  and  bridges  which  disconnect  only  as  the  polystyrene  domains 
begin  to  soften.  A  third  possibility  is  that  there  may  be  poor  phase  separ¬ 
ation  in  these  samples,  so  that  a  thoroughgoing,  reticular, polystyrene-rich 
structure  exists  in  the  diblocks.  Both  of  these  latter  explanations  may  be 
examined  further  by  examining  more  closely  the  influence  of  solvent  on  the(pigui.e  4) 
dynamic  mechanical  properties;  furthermore,  large  deformation  mechanical 
experiments  should  be  particularly  revealing  in  terms  of  the  last  hypothesis 
since  a  reticular  structure  should  be  easily  broken  during  the  first 
screeching  of  a  specimen  leading  to  large  hysteresis  effects  in  the  stress- 
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Large  deformation  stress-strain  measurements  were  carried  out  according 
to  procedures  described  briefly  above  and  in  greater  detail  elsewhere  (5). 

Figure  5  shows  several  representative  results  for  the  PS/1, 2B  diblocks  while 
Figure  6  presents  similar  data  for  PS/PB-1  materials.  In  all  cases,  the 
stress  level  at  a  given  strain  increases  as  the  nature  of  the  solvent  used 
in  the  preparation  becomes  more  like  a  good  solvent  for  polystyrene.  These 
observations  are  in  keeping  with  the  general  trends  seen  in  the  dynamic 
mechanical  tests.  In  a  series  of  tests  conducted  at  various  strain  rates 
on  cyclohexane-cast  samples,  some  of  the  surprising  rubbery  behavior  of  these 
diblock  specimens  again  appears  in  that  they  exhibit  large  deformations  without 
exhibiting  the  liquid-like  flow  behavior  expected  from  uncured  diblock  copolymers 
with  rubbery  continuous  morphologies  (Figures  7  and  8) . 

This  is  brought  out  more  clearly  in  the  results  of  cyclic  experiments.  In 
Figure  9a,  a  schematic  cyclic  stress-strain  curve  is  shown  along  with  a  defini¬ 
tion  of  an  area  ratio  S/W  which  represents  the  percentage  of  energy  dissipated 
in  the  strain  cycle.  Figure  9b  shows  typical  results  for  the  two  diblock 

materials  under  consideration  here.  As  expected,  there  is  considerable  hyster¬ 
esis  in  these  materials,  but  the  significant  amount  of  recoverable  energy  is  a 
surprising  result  for  rubbery-continuous  diblock  copolymers.  Even  more  sur¬ 
prising  are  the  values  of  unrecovered  strain;  two  versions  of  this  paramenter 
were  measured:  is  the  value  of  strain  obtained  immediately  upon  driving  the 

specimen  back  to  zero  stress  and  is  the  zero  stress  value  of  strain  after 
fifteen  minutes  of  recovery  time.  Table  5  reveals  the  trends  shown  by  these 
paramenter 8. 

Taken  overall,  the  results  of  the  large  deformation  mechanical  experiments 
are  remarkable  in  that  they  reveal  that  these  diblock  copolymers  are  capable  of 
undergoing  very  large  extensions  and  that  they  can  recover  their  original  length 
nearly  completely.  There  Is  considerable  energy  dissipation  during  stretching, 
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but  there  is  clearly  some  mechanism  which  acts  to  restore  the  sarple  r.eariv 
to  its  undeformed  length.  Purely  elastic  restoring  effects  o;  tr.e  ruccery 
chains,  anchored  in  some  way  at  both  ends  in  glassy  domains,  wiuld  r.c  *.  explain 
the  observed  hysteresis.  Thus,  an  explanation  at  the  morphological  is  core 
plausible.  Evidently  there  is  a  weak  reticular  network  of  PS-rich  material 
in  these  samples  which  is  partially  disrupted  during  the  stretching  process 
but  which  reforms  relatively  rapidly  when  stress  is  released.  This  tendency 
to  reform  a  particular  morphology  could  provide  the  driving  fcrce  for  strain 
recovery  to  low  permanent  sets  while  the  break-up  of  this  morp'r.clogy  curing 
the  loading  cycle  provides  much  of  the  hysteretic  mechanism.  Flow  in  the 
uncrosslinked  rubbery  phases  of  these  diblocks  occurs  only  to  a  surprisingly 
small  extent.  The  increase  in  hysteresis  and  permanent  set  seen  when  good 
solvents  for  polystyrene  are  used  to  form  the  specimens  supports  this  line  of 
reasoning. 

CONCLUSIONS 

Although  certain  effects  of  hydrogenation  could  be  seen  in  the  results, 
the  one  most  clearly  revealed  was  a  decrease  in  rubber-phase  I^.  The  glass-to- 

fc 

rubber  transition  region  was  also  significantly  broadened  by  the  hydrogenation. 
The  overall  mechanical  response  of  these  materials,  both  in  large  and  small 
deformation  experiments,  appeared  to  be  dominated  by  the  overall  morphology 
more  than  the  molecular  level  details.  The  reason  for  this  appears  to  be  that 
the  composition  of  the  materials  is  just  in  the  region  which  on  the  basis  of 
theory  is  expected  to  be  between  the  rod-like  and  sperical  microphase  forms  for 
the  PS  domains.  Small  angle  X-ray  scattering  results  were  consistent  with  this 
conclusion.  The  results  of  dynamic  mechanical  experiments  and  large  deformation 
stress-strain  experiments  support  the  view  that  a  reticular  morphology  of  PS 
is  responsible  for  the  unusual  mechanical  response  of  these  diblocks,  not  the 
particular  characteristics  of  the  rubbery  chains. 
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